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ABSTRACT 
 
The shear stresses at the interface between a polyester fibre and an epoxy matrix in a short single-fibre 
model composite specimen were measured using photoelasticity. A dark-field circular polariscope was 
employed to monitor the stress field in the matrix during tensile loading. With this method, the stress 
level of a Nth isochromatic fringe in the matrix intersecting the fibre can be obtained. The model 
composite specimen was loaded in uniaxial tension and the isochromatic patters along the fibre-matrix 
interface were recorded for several increments of load. In the experiment, it was observed that the 
number of fringes increased with the applied load, which indicated an increase in the stress transfer 
from the matrix to the fibre. Debonded zones were also identified where the shear stresses were at a 
minimum. The shear stress vs distance along the fibre plot showed that monitoring isochromatic fringe 
patterns can accurately measure the stress transfer and stress distribution at the interface in the 
thermoplastic-thermosetting system presented in this work. 
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INTRODUCTION  
 
It is well-known that traditional composites reinforced with brittle fibres such as carbon or glass fibres 
have high strength and good mechanical performance; however, due to the brittleness of the 
reinforcement fibre, they have low toughness, which is a limiting factor to expand their use in 
engineering applications, when higher deformation or deflection is required. Thermoplastic fibres have 
higher toughness than carbon or glass fibres; therefore they may be used as substitute to solve this 
problem. Thermoplastic fibres have been used to reinforced thermoplastic matrix (Gonzalez-Chi et al. 
2010; Carrillo et al. 2012) and foam concrete composites (Flores-Johnson and Li 2012) resulting in a 
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Figure 1. a) Single short-fibre model composite; b) Silicone mould. 
good mechanical performance. However, thermoplastic fibres have low compatibility to thermosetting 
matrices leading to a weak fibre-matrix interface and therefore the understanding of the interfacial 
behaviour and stress transfer from the matrix to the fibre in these thermoplastic fibre/thermosetting 
matrix composites is crucial. 
 
Photoelasticity is a well-known technique that has been successfully used to experimentally measure 
the stress fields and the debonding process at a fibre/matrix interface (Tyson and Davies 1965; 
Herrera-Franco and Drzal 1992; Ramirez et al. 2009). The photoelastic technique allows the 
observation of the stress distribution and the identification of micromechanical events (Zhao et al. 
2005; Zhao et al. 2006). It also allows the in situ analysis of the loading/deformation process of a 
specimen. Vazquez-Rodriguez et al. (Vázquez-Rodríguez et al. 2004; Vázquez-Rodríguez et al. 2007) 
and Flores-Johnson et al. (Flores-Johnson et al. 2011) studied the interface of PET/epoxy composites 
using photoelasticity and pull-out test; they obtained the interfacial shear stress distribution directly 
from the image of isochromatic fringes. Zhao et al. (Zhao et al. 2007) investigated the interfacial 
behaviour of a plasma-treated glass fibre/epoxy system using photoelasticity and single-fibre 
composite specimens. Although new techniques to measure in situ stress fields in loaded composites 
such as digital image correlation (DIC) are being increasingly used, photoelasticity still remains as a 
well-stablished technique that provides reliable results with minimum investment in equipment and 
operability.  
 
Most investigations about the interface performance of thermoplastic fibre/epoxy matrix using 
photoelasticity are limited to pull-out test or single-fibre composite (SFC) tensile test. However, the 
use of a single short-fibre has not been fully investigated. Understanding the interface performance 
and stress transfer in a single short-fibre model composite is important because many composites use 
short fibres as reinforcement. The present paper investigates the use of photoelasticity to monitor in 
situ the interfacial performance of a single short-fibre model composite with polyester fibre and epoxy 
resin matrix. 
 
MATERIALS AND METHODS 
 
Single Short-Fibre Specimens 
 
Single short fibre model composite (Fig. 1a) was prepared in a silicone mould (Fig. 1b) using a 
thermoplastic polyester fibre (supplied by Kirschbaum) with a length of L = 15 mm and a diameter 
of D = 1.3 mm. The mechanical properties of this fibre have been reported elsewhere (Flores-Johnson 
et al. 2011). For the matrix, a bisphenol-A epoxy resin DER 331 (supplied by DOW Chemical) was 
used with a modified aliphatic amine, Ancamine 1784 as curing agent (supplied by Air Products and 
Chemicals). The stoichiometric relation used was of 0.6 mol of resin/mol of curing agent. The curing 
process of the resin was performed at room temperature under controlled humidity for 21 days. The 
thickness of the model composite was 10 mm. 
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Loading Frame and Circular Polariscope 
 
The model composite was subjected to tensile loading using the steel frame showed in Fig 2a. A 
circular polariscope (Fig. 2b) was used to determine the stress field in the epoxy matrix when the 
specimen was subjected to tensile loading. The dark-field circular polariscope uses two polarizer 
plates with their polarization axis crossed at 90q, and two quarter-wave plates set at ±45q from the 
polarization axis of the first polarization plate which was set in a vertical orientation. A sodium bulb 
was used as a light source (wavelength of 589 nm), resulting in an excellent-definition of the 
isochromatic fringes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
RESULTS AND DISCUSSIONS 
 
Figure 3 shows the fringe patterns in the matrix of the single short-fibre specimen at different applied 
loads. It can be seen that the fringe order N increases with the applied load P, indicating an increase in 
the stress transfer to the matrix through the interface. Table 1 shows the corresponding interfacial 
1st Quarter-wave plate 
 
Figure 2. a) Tensile loading frame setup; b) dark-field polariscope with loading frame. 
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shear strength τ of each fringe order N. The methodology to obtain these values and the photoelastic 
calibration of the resin (average stress-fringe coefficient of fσ = 11114.10 N/m) are explained 
elsewhere (Flores-Johnson et al. 2011).  
 
Figure 4a shows a close-up view of the fringe patterns of a specimen loaded at P = 245.25 N. In Fig. 
4b, the corresponding interfacial shear strength τ of each fringe order N was plotted against the 
distance d from the left end of the fibre (accuracy of distance measurement of a0.25 mm). This 
distance corresponds to the midpoint of the apparent intersection of the fringe with the fibre (Flores-
Johnson et al. 2011). Although a light-field polariscope was not used in this study, The half-integer 
order fringe location at the interface was estimated to be at the midpoint between integer order fringes 
(dark fringes) (Fig. 4a) as previous results have shown (Flores-Johnson et al. 2011). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Isochromatic fringe patterns in single short-fibre specimen at different applied loads. 
 
Table 1. Shear stresses (Flores-Johnson et al. 2011) 
N τ (MPa) 
0.5 0.88 
1.0 1.10 
1.5 1.51 
2.0 2.11 
2.5 2.90 
3.0 3.88 
 
It can be seen in Fig. 4b that τ reaches a maximum along the fibre at a point located near the fibre ends 
(0<d<1, 14<d<15) and at the middle of the fibre (7<d<8). It is possible that some debonding may have 
occurred prior to or after loading at a point near the fibre ends (d|0, d|15), where the stress is at a 
minimum. The fact that τ reaches a minimum at the fibre ends indicates that some debonding has also 
occurred at these locations.  
 
CONCLUSIONS 
 
The interface performance in a single short-fibre model composite has been investigated in situ during 
tensile loading by means of the photoelasticity technique. The matrix stress field was monitored and 
from it, the interfacial shear stresses were calculated along the interface at different loads using a dark-
field circular polariscope. 
      
The results show that interfacial stresses reach a maximum at a point near the end of the embedded 
fibre and also at a location near the middle section of the fibre. Fibre/matrix debonding was also 
identified at zones where the stresses reached a minimum.  
 
Based on the present results, photoelasticity has proven to be a useful tool to monitor the interfacial 
shear stresses in a thermoplastic fibre/thermosetting matrix system and understand the stress transfer 
from the matrix to the fibre developed during tensile loading.
0 N 30.66 N 61.31 N 122.62 N 245.25 N 
N=1 
N=2 
N=1 
N=2 
N=1 N=1 
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Figure 4. Determination of the shear stress distribution from isochromatic fringes in a single short-
fibre specimen: a) Isochromatic fringes from a dark-field polariscope at P = 245.25 N; b) distribution 
of the interfacial shear strength W along the fibre at a distance d from the left end of the fibre. 
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